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OUTLINE
7KH#587541[[[&2)#6HULHV#DUH#SURWHFWLRQ#,&V#IRU#RYHU0FKDUJH2GLVFKDUJH#RI#UHFKDUJHDEOH#RQH0FHOO#/LWKLXP0LRQ#+/L.,

H[FHVV#ORDG#FXUUHQW/#IXUWKHU#LQFOXGH#D#VKRUW#FLUFXLW#SURWHFWRU#IRU#SUHYHQWLQJ#ODUJH#H[WHUQDO#VKRUW#FLUFXLW#FXUUHQW1

(DFK#RI#WKHVH#,&V#LV#FRPSRVHG#RI#WKUHH#YROWDJH#GHWHFWRUV/#D#UHIHUHQFH#XQLW/#D#GHOD\#FLUFXLW/#D#VKRUW#FLUFXLW#SURWHFWRU/

DQG#D#ORJLF#FLUFXLW1#:KHQ#FKDUJLQJ#YROWDJH#FURVVHV#WKH#GHWHFWRU#WKUHVKROG#IURP#D#ORZ#YDOXH#WR#D#YDOXH#KLJKHU#WKDQ#9'(74/

WKH#RXWSXW#RI#&287#SLQ/#WKH#RXWSXW#RI#RYHU0FKDUJH#GHWHFWRU29'4/#VZLWFKHV#WR#ORZ#OHYHO/#FKDUJHU*V#QHJDWLYH#SLQ#OHYHO1#$I0

WHU#GHWHFWLQJ#RYHU0FKDUJH#WKH#9'4#FDQ#EH#UHVHW#DQG#WKH#RXWSXW#RI#&287#EHFRPHV#KLJK#ZKHQ#WKH#9''#YROWDJH#LV#FRPLQJ

GRZQ#WR#D#OHYHO#ORZHU#WKDQ#´95(/4µ/#RU#ZKHQ#D#NLQG#RI#ORDGLQJ#LV#FRQQHFWHG#WR#9''#DIWHU#D#FKDUJHU#LV#GLVFRQQHFWHG#IURP

WKH#EDWWHU\#SDFN#ZKLOH#WKH#9''#OHYHO#LV#LQ#EHWZHHQ#´9'(74µ#DQG#´95(/4µ#LQ#WKH#587541[[[&2)#YHUVLRQ1

7KH#RXWSXW#RI#'287#SLQ/#WKH#RXWSXW#RI#RYHU0GLVFKDUJH#GHWHFWRU29'5/#VZLWFKHV#WR#ORZ#OHYHO#DIWHU#LQWHUQDOO\#IL[HG#GHOD\

WLPH#SDVVHG/#ZKHQ#GLVFKDUJLQJ#YROWDJH#FURVVHV#WKH#GHWHFWRU#WKUHVKROG#IURP#D#KLJK#YDOXH#WR#D#YDOXH#ORZHU#WKDQ#9'(751

$IWHU#587541[[[&2)#6HULHV#GHWHFW#WKH#RYHU0GLVFKDUJH#YROWDJH/#FRQQHFW#D#FKDUJHU#WR#WKH#EDWWHU\#SDFN/#DQG#ZKHQ#WKH

EDWWHU\#VXSSO\#YROWDJH#EHFRPHV#KLJKHU#WKDQ#WKH#RYHU0GLVFKDUJH#GHWHFWRU#WKUHVKROG/#9'5#LV#UHOHDVHG#DQG#WKH#YROWDJH#RI

'287#EHFRPHV#´+µ# OHYHO1# ,Q# WKH#FDVH#RI# #)#YHUVLRQ/#DIWHU#GHWHFWLQJ# WKH#RYHU0GLVFKDUJH#GHWHFWLRQ/#ZKHQ# WKH#EDWWHU\

VXSSO\#YROWDJH#EHFRPHV#HTXDO#RU#KLJKHU#WKDQ#RYHU0GLVFKDUJH#UHOHDVHG#YROWDJH/#9'5# LV#DOVR#UHOHDVHG#E\#WKH#FRQGLWLRQ/

DQG#WKH#YROWDJH#RI#'287#EHFRPHV#´+µ#OHYHO1

$Q#H[FHVV#ORDG#FXUUHQW#FDQ#EH#VHQVHG#DQG#FXW#RII#DIWHU#LQWHUQDOO\#IL[HG#GHOD\#WLPH#SDVVHG#WKURXJK#WKH#EXLOW#LQ#H[FHVV

FXUUHQW#GHWHFWRU/#9'6/#ZLWK#'287#EHLQJ#HQDEOHG#WR#ORZ#OHYHO1#2QFH#DIWHU#GHWHFWLQJ#H[FHVV#FXUUHQW/#WKH#9'6#LV#UHOHDVHG

DQG#'287#OHYHO#VZLWFKHV#WR#KLJK#E\#GHWDFKLQJ#D#EDWWHU\#SDFN#IURP#D#ORDG#V\VWHP1

)XUWKHU/#VKRUW#FLUFXLW#SURWHFWRU#PDNHV#'287# OHYHO# WR# ORZ# LPPHGLDWHO\#ZLWK#H[WHUQDO# VKRUW#FLUFXLW# FXUUHQW# DQG# UH0

PRYLQJ#H[WHUQDO#VKRUW#FLUFXLW#OHDGV#'287#OHYHO#WR#KLJK1#$IWHU#GHWHFWLQJ#RYHU0GLVFKDUJH/#VXSSO\#FXUUHQW#ZLOO#EH#NHSW#H[0

WUHPHO\# ORZ#E\#KDOW#VRPH# LQWHUQDO#FLUFXLWV#RSHUDWLRQ1#7KH#RXWSXW#GHOD\#RI#RYHU0FKDUJH#GHWHFWRUV#FDQ#EH# VHW#E\# FRQ0

QHFWLQJ#H[WHUQDO#FDSDFLWRUV1#2XWSXW#W\SH#RI#&287#DQG#'287#DUH#&0261#90SLQ/#6275609#LV#DYDLODEOH1
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FEATURES
• /RZ#VXSSO\#FXUUHQW111111111111111111111111111111111111111111 6XSSO\#FXUUHQW 7\S1#613�$

6WDQGE\#FXUUHQW#+GHWHFWLQJ#RYHU0GLVFKDUJH, 7\S1#316�$

+IRU#587541[[[&,

7\S1#413�$

+IRU#587541[[[),

• +LJK#DFFXUDF\#GHWHFWRU#WKUHVKROG 1111111111111111111 2YHU0FKDUJH#GHWHFWRU#+7RSW 58�&, �58P9

+7RSW 3#WR#83�&, �63#P9

2YHU0GLVFKDUJH#GHWHFWRU �518(

• 9DULHW\#RI#GHWHFWRU#WKUHVKROG111111111111111111111111111 2YHU0FKDUJH#GHWHFWRU#WKUHVKROG 7139#0#7179#VWHS#RI#313389

2YHU0GLVFKDUJH#GHWHFWRU#WKUHVKROG 5139#0#6139#VWHS#RI#313389

• %XLOW0LQ#SURWHFWLRQ#FLUFXLW 11111111111111111111111111111111 ([FHVV#FXUUHQW#SURWHFWLRQ 31389#0#3179#VWHS#RI#313389

$FFXUDF\ �48(

• 2XWSXW#GHOD\#RI#RYHU0FKDUJH1111111111111111111111111111 7LPH#GHOD\#DW#&6 3134�)#DQG#9'' 7169

:8PV#IRU#587541444&

• 2XWSXW#GHOD\#RI#RYHU0GLVFKDUJH 11111111111111111111111 9'' 5179#ZLWK#EXLOW0LQ#FDSDFLWRU

43PV#IRU#587541444&2445&

• 6PDOO#SDFNDJH 11111111111111111111111111111111111111111111111111 62705609#2#90SLQ

APPLICATIONS
• /L.#RQH0FHOO#SURWHFWRU#IRU#EDWWHU\#SDFN

• +LJK#SUHFLVLRQ#SURWHFWRUV#IRU#FHOO0SKRQHV#DQG#DQ\#RWKHU#JDGJHWV#XVLQJ#RQ#ERDUG#/L.#RQH0FHOO#EDWWHU\
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BLOCK DIAGRAM
• 587541[[[&

Level
Shifter

Short circuit
DetectorDelay

5

6 1 3

VDD

VSS DOUT COUT V-

4
Ct

VD1

VD2

VD3

2



R5421NxxxC/xxxF

4

• 587541[[[)
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SELECTION GUIDE
,Q#WKH#587541[[[[#6HULHV#WKUHH#RI#WKH#LQSXW#WKUHVKROG#IRU#RYHU0FKDUJH/#RYHU0GLVFKDUJH#DQG#H[FHVV#FXUUHQW#GHWHF0

WRUV#FDQ#EH#GHVLJQDWHG1

3DUW#1XPEHU#LV#GHVLJQDWHG#DV#IROORZV=

587541#;;;;0;;###←3DUW#1XPEHU

↑ ↑ ↑
D E F

Code Description

D
6HULDO#1XPEHU#IRU#WKH#587541#6HULHV#GHVLJQDWLQJ#LQSXW#WKUHVKROG#IRU#RYHU0FKDUJH/#RYHU0

GLVFKDUJH#DQG#H[FHVV#FXUUHQW#GHWHFWRUV#DV#ZHOO#DV#K\VWHUHVLV#UDQJH#IRU#RYHU0FKDUJH#GHWHFWRU1

E 'HVLJQDWLRQ#RI#YHUVLRQ#V\PEROV

F 7DSLQJ#7\SH=#75#+UHIHU#WR#7DSLQJ#6SHFLILFDWLRQ,
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PIN CONFIGURATION
6 5 4

(mark side)

1 2 3

PIN DESCRIPTION
Pin No. Symbol Pin description

4 '287
2XWSXW#RI#RYHU0GLVFKDUJH#GH0

WHFWLRQ/#&026#RXWSXW

5 90 3LQ#IRU#FKDUJHU#QHJDWLYH#LQSXW

6 &287
2XWSXW#RI#RYHU0FKDUJH#GHWHF0

WLRQ/#&026#RXWSXW

7 &W
3LQ#IRU#H[WHUQDO#FDSDFLWRU#VHW0

WLQJ#RXWSXW#GHOD\#RI#9'4

8 9'' 3RZHU#VXSSO\

9 966 *URXQG
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ABSOLUTE MAXIMUM RATINGS
966 39

Symbol Item Ratings Unit

9'' 6XSSO\#YROWDJH 0316#WR#45 9

90

9&W

,QSXW#9ROWDJH

9#0#SLQ

&W#SLQ

9''#05;#WR#9''#.316

966#0316#WR#9''#.316

9

9

9&287

9'287

2XWSXW#YROWDJH

&287#SLQ

'287#SLQ

9''#05;#WR#9''#.316

966#0316#WR#9''#.316

9

9

3' 3RZHU#GLVVLSDWLRQ 483 P:

7RSW
2SHUDWLQJ#WHPSHUDWXUH

UDQJH
073#WR#;8 �&

7VWJ 6WRUDJH#WHPSHUDWXUH#UDQJH 088#WR#458 �&

ABSOLUTE MAXIMUM RATINGS

$EVROXWH#0D[LPXP#UDWLQJV#DUH#WKUHVKROG#OLPLW#YDOXHV#WKDW#PXVW#QRW#EH#H[FHHGHG#HYHU#IRU#DQ#LQVWDQW#XQGHU#DQ\#FRQ0

GLWLRQV1#0RUHRYHU/#VXFK#YDOXHV#IRU#DQ\#WZR#LWHPV#PXVW#QRW#EH#UHDFKHG#VLPXOWDQHRXVO\1#2SHUDWLRQ#DERYH#WKHVH#DEVR0

OXWH#PD[LPXP#UDWLQJV#PD\#FDXVH#GHJUDGDWLRQ#RU#SHUPDQHQW#GDPDJH#WR#WKH#GHYLFH1#7KHVH#DUH#VWUHVV#UDWLQJV#RQO\#DQG

GR#QRW#QHFHVVDULO\#LPSO\#IXQFWLRQDO#RSHUDWLRQ#EHORZ#WKHVH#OLPLWV1
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ELECTRICAL CHARACTERISTIC
• R5421N111C 7RSW 58�&

Symbol Item Conditions MIN. TYP. MAX. Unit

9''4 2SHUDWLQJ#LQSXW#YROWDJH 9ROWDJH#GHILQHG#DV#9''#²#966 418 43 9

9VW
0LQLPXP#RSHUDWLQJ#9ROW0

DJH#IRU#39#FKDUJLQJ

9ROWDJH#GHILQHG#DV#9''#0#90#/

9''#0#966 39
415 9

9'(74 2YHU0FKDUJH#WKUHVKROG 'HWHFW#ULVLQJ#HGJH#RI#VXSSO\

YROWDJH

+7RSW 58�&,

+7RSW 3#WR#83�&,-1RWH
71558

71553

71583

71583

715:8

715;3

9

9

95(/4
5HOHDVH#YROWDJH#IRU#RYHU0

FKDUJH#GHWHFWLRQ
7133 7138 7143 9

W9'(74
2XWSXW#GHOD\#RI#RYHU0

&KDUJH
&6 3134�)/#9'' 6199#WR#7169 93 :8 <3 PV

9'(75 2YHU0GLVFKDUJH#WKUHVKROG
'HWHFW#IDOOLQJ#HGJH#RI#VXSSO\

YROWDJH
5176: 51833 51896 9

W9'(75
2XWSXW#GHOD\#RI#RYHU0

'LVFKDUJH
9'' 6199#WR#5179 : 43 46 PV

9'(76 ([FHVV#FXUUHQW#WKUHVKROG
'HWHFW#ULVLQJ#HGJH#RI#*90*#SLQ

YROWDJH
314: 3153 3156 9

W9'(76
2XWSXW#GHOD\#RI#H[FHVV

&XUUHQW
9'' 6139 < 46 4: PV

9VKRUW 6KRUW#SURWHFWLRQ#YROWDJH 9'' 6139 9''0415 9''031< 9''0319 9

WVKRUW
2XWSXW#'HOD\#RI#6KRUW

SURWHFWLRQ
9'' 6139 8 83 �V

5VKRUW
5HVHW#UHVLVWDQFH#IRU#([0

FHVV#FXUUHQW#SURWHFWLRQ
9'' 6199/#90# 4139 83 433 483 NΩ

9RO4 1FK#21#YROWDJH#RI#&287 ,RO 83�$/#9'' 7179 3168 318 9

9RK4 3FK#21#YROWDJH#RI#&287 ,RK 083�$/#9'' 61<9 617 61: 9

9RO5 1FK#21#YROWDJH#RI#'287 ,RO 83�$/#9'' 5179 315 318 9

9RK5 3FK#21#YROWDJH#RI#'287 ,RK 083�$/#9'' 61<9 617 61: 9

,'' 6XSSO\#FXUUHQW 9'' 61<9/#90# 39 613 913 �$

,VWDQGE\ 6WDQGE\#FXUUHQW 9'' 5139 316 319 �$

*Note: Considering of variation in process parameters, we compensate for this characteristic related to tem-

perature by laser-trim, however, this specification is guaranteed by design, not production tested.
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• R5421N112C 7RSW 58�&

Symbol Item Conditions MIN. TYP. MAX. Unit

9''4 2SHUDWLQJ#LQSXW#YROWDJH 9ROWDJH#GHILQHG#DV#9''#0#966 418 43 9

9VW
0LQLPXP#RSHUDWLQJ#9ROW0

DJH#IRU#39#FKDUJLQJ

9ROWDJH#GHILQHG#DV#9''#0#90#/

9''#0#966 39
415 9

9'(74 2YHU0FKDUJH#WKUHVKROG 'HWHFW#ULVLQJ#HGJH#RI#VXSSO\

9ROWDJH

7RSW 58�&

7RSW 3#WR#83�&-1RWH

71658

71653

71683

71683

716:8

716;3

9

9

95(/4
5HOHDVH#YROWDJH#IRU#RYHU0

FKDUJH#GHWHFWLRQ
71433 71483 71533 9

W9'(74
2XWSXW#GHOD\#RI#RYHU0

&KDUJH
&6 3134�)/#9'' 6199#WR#7179 94 :: <6 PV

9'(75 2YHU0GLVFKDUJH#WKUHVKROG
'HWHFW#IDOOLQJ#HGJH#RI#VXSSO\

9ROWDJH
5176: 51833 51896 9

W9'(75
2XWSXW#GHOD\#RI#RYHU0

'LVFKDUJH
9'' 6199#WR#5179 : 43 46 PV

9'(76 ([FHVV#FXUUHQW#WKUHVKROG
'HWHFW#ULVLQJ#HGJH#RI#*90*#SLQ

9ROWDJH
314: 3153 3156 9

W9'(76
2XWSXW#GHOD\#RI#H[FHVV

&XUUHQW
9'' 6139 < 46 4: PV

9VKRUW 6KRUW#SURWHFWLRQ#YROWDJH 9'' 6139 9''0415 9''031< 9''0319 9

WVKRUW
2XWSXW#'HOD\#RI#6KRUW

SURWHFWLRQ
9'' 6139 8 83 �V

5VKRUW
5HVHW#UHVLVWDQFH#IRU#H[FHVV

FXUUHQW#SURWHFWLRQ
9'' 6199/#90# 4139 83 433 483 NΩ

9RO4 1FK#21#YROWDJH#RI#&287 ,RO 83�$/#9'' 7179 3168 318 9

9RK4 3FK#21#YROWDJH#RI#&287 ,RK 083�$/#9'' 61<9 617 61: 9

9RO5 1FK#21#YROWDJH#RI#'287 ,RO 83�$/#9'' 5179 315 318 9

9RK5 3FK#21#YROWDJH#RI#'287 ,RK 083�$/#9'' 61<9 617 61: 9

,'' 6XSSO\#FXUUHQW 9'' 61<9/90# 39 613 913 �$

,VWDQGE\ 6WDQGE\#FXUUHQW 9'' 5139 316 319 �$

*Note: Considering of variation in process parameters, we compensate for this characteristic related to tem-

perature by laser-trim, however this specification is guaranteed by design, not production tested.
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• R5421N151F 7RSW 58�&

Symbol Item Conditions MIN. TYP. MAX. Unit

9''4 2SHUDWLQJ#LQSXW#YROWDJH 9ROWDJH#GHILQHG#DV#9''#0#966 418 43 9

9VW
0LQLPXP#RSHUDWLQJ#9ROW0

DJH#IRU#39#FKDUJLQJ

9ROWDJH#GHILQHG#DV#9''#0#90#/

9''#0#966 39
415 9

9'(74 2YHU0FKDUJH#WKUHVKROG 'HWHFW#ULVLQJ#HGJH#RI#VXSSO\

9ROWDJH

7RSW 58�&

7RSW 3#WR#83�&-1RWH

71558

71553

71583

71583

715:8

715;3

9

9

95(/4
5HOHDVH#YROWDJH#IRU#RYHU0

FKDUJH#GHWHFWLRQ
71333 71383 71433 9

W9'(74
2XWSXW#GHOD\#RI#RYHU0

&KDUJH
&6 3134�)/#9'' 6199#WR#7169 93 :8 <3 PV

9'(75 2YHU0GLVFKDUJH#WKUHVKROG
'HWHFW#IDOOLQJ#HGJH#RI#VXSSO\

9ROWDJH
5176: 51833 51896 9

W9'(75
2XWSXW#GHOD\#RI#RYHU0

'LVFKDUJH
9'' 6199#WR#5179 : 43 46 PV

9'(76 ([FHVV#FXUUHQW#WKUHVKROG
'HWHFW#ULVLQJ#HGJH#RI#*90*#SLQ

9ROWDJH
314: 3153 3156 9

W9'(76
2XWSXW#GHOD\#RI#H[FHVV

&XUUHQW
9'' 6139 < 46 4: PV

9VKRUW 6KRUW#SURWHFWLRQ#YROWDJH 9'' 6139 9''0415 9''031< 9''0319 9

WVKRUW
2XWSXW#'HOD\#RI#6KRUW

SURWHFWLRQ
9'' 6139 8 83 �V

5VKRUW
5HVHW#UHVLVWDQFH#IRU#H[FHVV

FXUUHQW#SURWHFWLRQ
9'' 6199/#90# 4139 83 433 483 NΩ

9RO4 1FK#21#YROWDJH#RI#&287 ,RO 83�$/#9'' 7179 3168 318 9

9RK4 3FK#21#YROWDJH#RI#&287 ,RK 083�$/#9'' 61<9 617 61: 9

9RO5 1FK#21#YROWDJH#RI#'287 ,RO 83�$/#9'' 5159 315 318 9

9RK5 3FK#21#YROWDJH#RI#'287 ,RK 083�$/#9'' 61<9 617 61: 9

,'' 6XSSO\#FXUUHQW 9'' 61<9/90# 39 613 913 �$

,VWDQGE\ 6WDQGE\#FXUUHQW 9'' 5139 413 513 �$

*Note: Considering of variation in process parameters, we compensate for this characteristic related to tem-

perature by laser-trim, however, this specification is guaranteed by design, not production tested.
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• R5421N152F 7RSW 58�&

Symbol Item Conditions MIN. TYP. MAX. Unit

9''4 2SHUDWLQJ#LQSXW#YROWDJH 9ROWDJH#GHILQHG#DV#9''#0#966 418 43 9

9VW
0LQLPXP#RSHUDWLQJ#9ROW0

DJH#IRU#39#FKDUJLQJ

9ROWDJH#GHILQHG#DV#9''#0#90#/

9''#0#966 39
415 9

9'(74 2YHU0FKDUJH#WKUHVKROG 'HWHFW#ULVLQJ#HGJH#RI#VXSSO\

9ROWDJH

7RSW 58�&

7RSW 3#WR#83�&-1RWH

71658

71653

71683

71683

716:8

716;3

9

9

95(/4
5HOHDVH#YROWDJH#IRU#RYHU0

FKDUJH#GHWHFWLRQ
71433 71483 71533 9

W9'(74
2XWSXW#GHOD\#RI#RYHU0

&KDUJH
&6 3134�)/#9'' 6199#WR#7179 94 :: <6 PV

9'(75 2YHU0GLVFKDUJH#WKUHVKROG
'HWHFW#IDOOLQJ#HGJH#RI#VXSSO\

9ROWDJH
5176: 51833 51896 9

W9'(75
2XWSXW#GHOD\#RI#RYHU0

'LVFKDUJH
9'' 6199#WR#5179 : 43 46 PV

9'(76 ([FHVV#FXUUHQW#WKUHVKROG
'HWHFW#ULVLQJ#HGJH#RI#*90*#SLQ

9ROWDJH
314: 3153 3156 9

W9'(76
2XWSXW#GHOD\#RI#H[FHVV

&XUUHQW
9'' 6139 < 46 4: PV

9VKRUW 6KRUW#SURWHFWLRQ#YROWDJH 9'' 6139 9''0415 9''031< 9''0319 9

WVKRUW
2XWSXW#'HOD\#RI#6KRUW

SURWHFWLRQ
9'' 6139 8 83 �V

5VKRUW
5HVHW#UHVLVWDQFH#IRU#H[FHVV

FXUUHQW#SURWHFWLRQ
9'' 6199/#90# 4139 83 433 483 NΩ

9RO4 1FK#21#YROWDJH#RI#&287 ,RO 83�$/#9'' 7179 3168 318 9

9RK4 3FK#21#YROWDJH#RI#&287 ,RK 083�$/#9'' 61<9 617 61: 9

9RO5 1FK#21#YROWDJH#RI#'287 ,RO 83�$/#9'' 5159 315 318 9

9RK5 3FK#21#YROWDJH#RI#'287 ,RK 083�$/#9'' 61<9 617 61: 9

,'' 6XSSO\#FXUUHQW 9'' 61<9/90# 39 613 913 �$

,VWDQGE\ 6WDQGE\#FXUUHQW 9'' 5139 413 513 �$

*Note: Considering of variation in process parameters, we compensate for this characteristic related to tem-

perature by laser-trim, however, this specification is guaranteed by design, not production tested.
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OPERATION
• VD1 / Over-Charge Detector in the 'C' version

7KH#9'4#PRQLWRUV#9''#SLQ#YROWDJH1#:KHQ#WKH#9''#YROWDJH#FURVVHV#RYHU0FKDUJH#GHWHFWRU#WKUHVKROG#9'(74#IURP#D

ORZ#YDOXH#WR#D#YDOXH#KLJKHU#WKDQ#WKH#9'(74/#WKH#9'4#FDQ#VHQVH#D#RYHU0FKDUJLQJ#DQG#DQ#H[WHUQDO#FKDUJH#FRQWURO#1FK0

0260)(7#WXUQV#WR#´2))µ#ZLWK#&287#SLQ#EHLQJ#DW#´/µ#OHYHO1

7KHUH#FDQ#EH#WZR#FDVHV#WR#UHVHW#WKH#9'4#PDNLQJ#WKH#&287#SLQ#OHYHO#WR#´+µ#DJDLQ#DIWHU#GHWHFWLQJ#RYHU0FKDUJH1

5HVHWWLQJ#WKH#9'4#FDQ#PDNH#FKDUJLQJ#V\VWHP#DOORZDEOH#WR#UHVXPSWLRQ#RI#FKDUJLQJ#SURFHVV1

7KH#ILUVW#FDVH#LV#LQ#VXFK#FRQGLWLRQV#WKDW#D#WLPH#ZKHQ#WKH#9''#YROWDJH#LV#FRPLQJ#GRZQ#WR#D#OHYHO#ORZHU#WKDQ#´95(/4µ1

:KLOH#LQ#WKH#VHFRQG#FDVH/#FRQQHFWLQJ#D#NLQG#RI#ORDGLQJ#WR#9''#DIWHU#GLVFRQQHFWLQJ#D#FKDUJHU#IURP#WKH#EDWWHU\#SDFN#FDQ

PDNH#WKH#9'4#UHVHWWLQJ#ZKHQ#WKH#9''#OHYHO#LV#LQ#EHWZHHQ#´9'(74µ#DQG#´95(/4µ1

$IWHU#GHWHFWLQJ#RYHU0FKDUJH#ZLWK#WKH#9''#YROWDJH#RI#KLJKHU#WKDQ#9'(74/#FRQQHFWLQJ#V\VWHP# ORDG#WR#WKH#EDWWHU\

SDFN#PDNHV#ORDG#FXUUHQW#DOORZDEOH#WKURXJK#SDUDVLWLF#GLRGH#RI#H[WHUQDO#FKDUJH#FRQWURO#)(71

7KH#&287#OHYHO#ZRXOG#EH#+LJK#ZKHQ#WKH#9''#OHYHO#LV#FRPLQJ#GRZQ#WR#D#OHYHO#EHORZ#WKH#9'(74#E\#FRQWLQXRXV#GUDZLQJ

RI#ORDG#FXUUHQW1

$Q#RXWSXW#GHOD\#WLPH#IRU#RYHU0FKDUJH#GHWHFWLRQ#FDQ#EH#VHW#E\#H[WHUQDO#FDSDFLWRU#&6#FRQQHFWLQJ#EHWZHHQ#WKH#966

SLQ#DQG#&W#SLQ1#7KH#H[WHUQDO#FDSDFLWRU#FDQ#PDNH#D#GHOD\#WLPH#IURP#D#PRPHQW#GHWHFWLQJ#RYHU0FKDUJH#WR#D#WLPH#RXWSXW

D#VLJQDO#ZKLFK#HQDEOHV#FKDUJH#FRQWURO#)(7#WXUQ#RII1

:KHQ#WKH#9''#OHYHO#LV#JRLQJ#XS#WR#D#KLJKHU#OHYHO#WKDQ#9'(74#LI#WKH#9''#YROWDJH#ZRXOG#EH#EDFN#WR#D#OHYHO#ORZHU#WKDQ#WKH

9'(74#ZLWKLQ#D#WLPH#SHULRG#RI#WKH#RXWSXW#GHOD\#WLPH/#9'4#ZRXOG#QRW#RXWSXW#D#VLJQDO#IRU#WXUQLQJ#RII#WKH#FKDUJH#FRQWURO

)(71

7KH#RXWSXW#GHOD\#WLPH#FDQ#EH#FDOFXODWHG#DV#EHORZ=

W9'(74>VHF@# #+&6>)@#×#+9''>9@031:,#2#+317;#×#4309,
1RWH= 7RSW 58�&#9''#YDOXH#VKRXOG#EH#DIWHU#RYHU0FKDUJH#GHWHFWLRQ1

$# OHYHO#VKLIWHU# LQFRUSRUDWHG# LQ#D#EXIIHU#GULYHU# IRU#WKH#&287#SLQ#PDNHV#WKH#´/µ# OHYHO#RI#&287#SLQ#WR#WKH#9# 0#SLQ

YROWDJH#DQG#WKH#´+LJKµ#OHYHO#RI#&287#SLQ#LV#VHW#WR#9''#YROWDJH#ZLWK#&026#EXIIHU1

• VD2 / Over-Discharge Detector

7KH#9'5#LV#PRQLWRULQJ#D#9''#SLQ#YROWDJH1#:KHQ#WKH#9''#YROWDJH#FURVVHV#WKH#RYHU0GLVFKDUJH#GHWHFWRU#WKUHVKROG

9'(75#IURP#D#KLJK#YDOXH#WR#D#YDOXH#ORZHU#WKDQ#WKH#9'(75/#WKH#9'5#FDQ#VHQVH#DQ#RYHU0GLVFKDUJLQJ#DQG#WKH#H[WHUQDO#GLV0

FKDUJH#FRQWURO#1FK#026#)(7#WXUQV#WR#´2))µ#ZLWK#WKH#'287#SLQ#EHLQJ#DW#´/µ#OHYHO1

7R#UHVHW#WKH#9'5#ZLWK#WKH#'287#SLQ#OHYHO#EHLQJ#´+µ#DJDLQ#DIWHU#GHWHFWLQJ#RYHU0GLVFKDUJH#LW#LV#QHFHVVDU\#WR#FRQ0

QHFW#D#FKDUJHU# WR# WKH#EDWWHU\#SDFN# IRU#587541[[[&1#:KHQ# WKH#9''#YROWDJH# VWD\V#XQGHU#RYHU0#GLVFKDUJH#GHWHFWRU

WKUHVKROG#9'(75#FKDUJH#FXUUHQW#FDQ#IORZ#WKURXJK#SDUDVLWLF#GLRGH#RI#H[WHUQDO#GLVFKDUJH#FRQWURO#026#)(7/#WKHQ#DIWHU

WKH#9''#YROWDJH#FRPHV#XS#WR#D#YDOXH#ODUJHU#WKDQ#9'(75/#'287#EHFRPHV#%+%#DQG#GLVFKDUJLQJ#SURFHVV#ZRXOG#EH#DEOH#WR

DGYDQFH#WKURXJK#21#VWDWH#026#)(7#IRU#GLVFKDUJH#FRQWURO1

&RQQHFWLQJ#D#FKDUJHU#WR#WKH#EDWWHU\#SDFN#PDNHV#WKH#'287#OHYHO#EHLQJ#´+µ#LQVWDQWDQHRXVO\#ZKHQ#WKH#9''#YROWDJH
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LV#KLJKHU#WKDQ#9'(751

%HVLGHV/#IRU#587541[[[)/#ZKHQ#D#FHOO#YROWDJH#UHDFKHV#HTXDO#RU#PRUH#WKDQ#RYHU0GLVFKDUJH#UHOHDVHG#YROWDJH/#RU

95(/5/#RYHU0GLVFKDUJH#FRQGLWLRQ#FDQ#EH#DOVR#UHOHDVHG

:KHQ# D# FHOO#YROWDJH#HTXDOV# WR# ]HUR/# FRQQHFWLQJ# FKDUJHU# WR# WKH# EDWWHU\# SDFN#PDNHV# WKH# V\VWHP# DOORZDEOH# WR

FKDUJH#ZLWK#KLJKHU#FKDUJH#YROWDJH#WKDQ#9VW/#4159#0D[1

$Q#RXWSXW#GHOD\#WLPH#IRU#WKH#RYHU0GLVFKDUJH#GHWHFWLRQ#LV#IL[HG#LQWHUQDOO\/#W9'(75 43PV#W\S1#DW#9'' 51791#:KHQ

WKH#9''#OHYHO#LV#JRLQJ#GRZQ#WR#D#ORZHU#OHYHO#WKDQ#9'(75#LI#WKH#9''#YROWDJH#ZRXOG#EH#EDFN#WR#D#OHYHO#KLJKHU#WKDQ#WKH

9'(75#ZLWKLQ#D#WLPH#SHULRG#RI#WKH#RXWSXW#GHOD\#WLPH/#9'5#ZRXOG#QRW#RXWSXW#D#VLJQDO#IRU#WXUQLQJ#RII#WKH#GLVFKDUJH#FRQ0

WURO#)(71

$IWHU# GHWHFWLRQ# RI# DQ# RYHU0GLVFKDUJH# E\# 9'5/# VXSSO\# FXUUHQW# ZRXOG# EH# UHGXFHG# WR# W\SLFDOO\# 316�$+IRU

587541[[[&,#RU#413µ$+IRU#587541[[[),#DW#9'' 5139#DQG#LQWR#VWDQGE\/#RQO\#WKH#FKDUJHU#GHWHFWRU#LV#RSHUDWLQJ1

7KH#RXWSXW#W\SH#RI#'287#SLQ#LV#&026#KDYLQJ#´+µ#OHYHO#RI#9''#DQG#´/µ#OHYHO#RI#9661

• VD3/Excess Current Detector, Short Circuit Protector

%RWK#RI#WKH#H[FHVV#FXUUHQW#GHWHFWRU#DQG#VKRUW#FLUFXLW#SURWHFWRU#FDQ#ZRUN#ZKHQ#ERWK#FRQWURO#)(7V#DUH#LQ#´21µ

VWDWH1

:KHQ#WKH#90#SLQ#YROWDJH# LV#JRLQJ#XS#WR#D#YDOXH#EHWZHHQ#WKH#VKRUW#SURWHFWLRQ#YROWDJH#9VKRUW# 29''#DQG#H[FHVV

FXUUHQW# WKUHVKROG#9'(76/# WKH# H[FHVV# FXUUHQW# GHWHFWRU# RSHUDWHV# DQG# IXUWKHU# VRDULQJ# RI#90# SLQ# YROWDJH# KLJKHU# WKDQ

9VKRUW#PDNHV#WKH#VKRUW#FLUFXLW#SURWHFWRU#HQDEOHG1#7KLV#OHDGV#WKH#H[WHUQDO#GLVFKDUJH#FRQWURO#1FK#026#)(7#WXUQ#RII

ZLWK#WKH#'287#SLQ#EHLQJ#DW#´/µ#OHYHO1

$Q#RXWSXW#GHOD\#WLPH#IRU#WKH#H[FHVV#FXUUHQW#GHWHFWRU#LV#LQWHUQDOO\#IL[HG/#46PV#W\S1#DW#9'' 61391

$#TXLFN#UHFRYHU\#RI#90#SLQ#OHYHO#IURP#D#YDOXH#EHWZHHQ#9VKRUW#DQG#9'(76#ZLWKLQ#WKH#GHOD\#WLPH#NHHSV#WKH#GLVFKDUJH

FRQWURO#)(7#VWD\LQJ#´+µ#VWDWH1

:KHQ#WKH#VKRUW#FLUFXLW#SURWHFWRU#LV#HQDEOHG/#WKH#'287#ZRXOG#EH#/RZ#DQG#LWV#GHOD\#WLPH#ZRXOG#EH#8�V#W\S1

7KH#9#0#SLQ#KDV#D#EXLOW0LQ#SXOOHG#GRZQ#UHVLVWRU/#W\S1433NΩ/#ZLWK#FRQQHFWLQJ#WR#WKH#966#SLQ1
$IWHU#DQ#H[FHVV#FXUUHQW#RU#VKRUW#FLUFXLW#SURWHFWLRQ#LV#GHWHFWHG/#UHPRYLQJ#D#FDXVH#RI#H[FHVV#FXUUHQW#RU#H[WHUQDO

VKRUW#FLUFXLW#PDNHV#DQ#H[WHUQDO#GLVFKDUJH#FRQWURO#)(7#WR#DQ#´21µ#VWDWH#DXWRPDWLFDOO\#ZLWK#WKH#90#SLQ# OHYHO#EHLQJ

GRZQ#WR#WKH#966#OHYHO#WKURXJK#SXOOHG#GRZQ#UHVLVWRU#EXLOW0LQ#LQWHUQDOO\1

,I#9''#YROWDJH#ZRXOG#EH#KLJKHU#WKDQ#9'(75#DW#D#WLPH#ZKHQ#WKH#H[FHVV#FXUUHQW#LV#GHWHFWHG#WKH#587541[[[&#GRHV

QRW#HQWHU#D#VWDQGE\#PRGH/#RU#RWKHUZLVH#LQ#FDVH#RI#ORZHU#9''#YROWDJH#WKDQ#9'(75#ZRXOG#OHDG#WKH#587541[[[&#LQWR#D

VWDQGE\1

$IWHU#GHWHFWLQJ#VKRUW#FLUFXLW#WKH#587541[[[&#ZLOO#QRW#HQWHU#D#VWDQGE\#PRGH1
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TEST CIRCUITS
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C3

5

2
C1

R1

V

6
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5
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C2

R2
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1

Test Circuit 9 Test Circuit 10

7KH#W\SLFDO#FKDUDFWHULVWLFV#ZHUH#REWDLQHG#E\#XVH#RI#WKHVH#WHVW#FLUFXLWV1

7HVW#&LUFXLW#4 =#7\SLFDO#&KDUDFWHULVWLFV#4,#8,#:,#4:,

7HVW#&LUFXLW#5 =#7\SLFDO#&KDUDFWHULVWLFV#5,#9,#;,

7HVW#&LUFXLW#6 =#7\SLFDO#&KDUDFWHULVWLFV#6,#7,#<,#43,#4<,

7HVW#&LUFXLW#7 =#7\SLFDO#&KDUDFWHULVWLFV#46,

7HVW#&LUFXLW#8 =#7\SLFDO#&KDUDFWHULVWLFV#47,

7HVW#&LUFXLW#9 =#7\SLFDO#&KDUDFWHULVWLFV#48,

7HVW#&LUFXLW#: =#7\SLFDO#&KDUDFWHULVWLFV#49,

7HVW#&LUFXLW#; =#7\SLFDO#&KDUDFWHULVWLFV#44,#45,

7HVW#&LUFXLW#< =#7\SLFDO#&KDUDFWHULVWLFV#54,

7HVW#&LUFXLW#43 =#7\SLFDO#&KDUDFWHULVWLFV#4;,#53,
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TYPICAL CHARACTERISTICS
1) Over-charge Threshold vs. Temperature 2) Over-discharge Threshold vs. Temperature
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3) Excess Current Threshold vs. Temperature 4) Short Circuit Protector Threshold vs. Temperature
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5) Over-charge Released Voltage vs. Temperature 6) Over-discharge Released Voltage vs. Temperature

(for R5421NxxxF)
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7) Output Delay of Over-charge vs. Temperature 8) Output Delay of Over-discharge vs. Temperature
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9) Output delay of Excess current vs. Temperature 10) Output Delay of Short circuit protector vs. Tempera-

ture
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11) Supply Current vs. Temperature
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12) Supply Current vs. Temperature(for R5421NxxxC) 12) Standby Current vs. Temperature(for R5421NxxxF)
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13) COUT Nch Driver ON Voltage vs. Temperature 14) COUT Pch Driver ON Voltage vs. Temperature
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15) DOUT Nch Driver ON Voltage vs. Temperature 16) DOUT Pch Driver ON Voltage vs. Temperature
IOL= 50(µA)    VDD=2.4(V)
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17) Output Delay of Over-charge vs. Capacitance C3 18) Output Delay of Short protection vs. Capacitance

C2
VDD=3.8V→4.3V(R1=100Ω, C1=0.1µF, R2=1kΩ, C2=0.1µF)
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19) Output Delay of Excess Current vs. VDD 20) Excess Current Threshold vs. External Resistance R2
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21) Over-charge Threshold vs. External Resistance R1
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TYPICAL APPLICATION

R5421NxxxC 24

6
1

5

3

R1
100Ω

R2
1kΩ

C3
0.01µF

C2
0.1µF

C1
0.1µF

APPLICATION HINTS
54#DQG#&4#ZLOO#VWDELOL]H#D#VXSSO\#YROWDJH#WR#WKH#587541[[[&1#$#UHFRPPHQGHG#54#YDOXH#LV#OHVV#WKDQ#4NΩ1
$#ODUJHU#YDOXH#RI#54#OHDGV#KLJKHU#GHWHFWLRQ#YROWDJH/#PDNHV#VRPH#HUURUV/#EHFDXVH#RI#VKRRW#WKURXJK#FXUUHQW#IORZHG#LQ

WKH#587541[[[&1

55#DQG#&5#ZLOO#VWDELOL]H#D#90#SLQ#YROWDJH1#7KH#UHVHWWLQJ#IURP#RYHU0GLVFKDUJH#ZLWK#FRQQHFWLQJ#D#FKDUJHU#SRVVLEO\#EH

GLVDEOHG#E\#ODUJHU#YDOXH#RI#551#5HFRPPHQGHG#YDOXH#LV#OHVV#WKDQ#4#NΩ1
$IWHU#DQ#RYHU0FKDUJH#GHWHFWLRQ#HYHQ#FRQQHFWLQJ#EDWWHU\#SDFN#WR#D#V\VWHP#SUREDEO\#FRXOG#QRW#DOORZ#D#V\VWHP#WR#GUDZ

ORDG#FXUUHQW#E\#D#ODUJHU#55×&5#WLPH#FRQVWDQW#LQ#WKH#&#YHUVLRQ1
5HFRPPHQGHG#&5#YDOXH#LV#OHVV#WKDQ#4�)1

54#DQG#55#FDQ#RSHUDWH#DOVR#DV#D#SDUW#RI#FXUUHQW#OLPLW#FLUFXLW#DJDLQVW#IRU#VHWWLQJ#FHOO#UHYHUVH#GLUHFWLRQ#RU#IRU#DSSO\LQJ

H[FHVV#FKDUJLQJ#YROWDJH#WR#WKH#587541[[[&/#EDWWHU\#SDFN/#ZKLOH#VPDOOHU

54# DQG#55#PD\# FDXVH# D#SRZHU# FRQVXPSWLRQ#RYHU# UDWLQJ#RI#SRZHU#GLVVLSDWLRQ#RI# WKH#587541[[[&# DQG# D# WRWDO#RI

*54.55*#VKRXOG#EH#PRUH#WKDQ#4NΩ1
7KH#WLPH#FRQVWDQWV#54×&4#RU#55×&5#PXVW#KDYH#D#UHODWLRQV#DV#EHORZ=
54×&4≤55×&5
%HFDXVH#LQ#FDVH#WKDW#54×&4/#WLPH#FRQVWDQW#IRU#9''#SLQ#/ZRXOG#EH#ODUJHU#WKDQ#55×&5/#WLPH#FRQVWDQW#IRU#90#SLQ/#WKHQ

WKH#587541[[[&#PLJKW#EH#LQWR#D#VWDQGE\#PRGH#DIWHU#GHWHFWLQJ#H[FHVV#FXUUHQW#RU#VKRUW#FLUFXLW#FXUUHQW1



R5421NxxxC/xxxF

20

TIMING DIAGRAM
• R5421NXXXC
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• R5421NXXXF
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